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� In 1933 Otto Stern (I. Estermann and R. Frisch) measured the magnetic moment of
the proton and found that its g-factor is not 2 as expected for an elementary Dirac
fermion.

� Instead Stern found
μp = 2(∼ 2.5)

e

2Mc
sp

� In 1940 Luis Alvarez and Felix Bloch (another theorist) first measured the neutron
magnetic moment and found

μn = 2(−1.93 ± 0.02)
e

2Mc
sn

� Both commented on “other causes underly their magnetic properties”.

3Wednesday, November 19, 2008



R. L. Jaffe   BunceFest BNL 2008

center for
theoretical
physicsCTP

−

� Hideki Yukawa proposed a field theory of proton and neutron interactions in 1935
and predicted the existence of the pion.

� And first order perturbation theory in Yukawa’s theory nicely accounts for the
proton and neutron magnetic moments!
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� A simple starting point

|p ↑〉 =
1√
6

∣∣2u↑u↑d↓ − u↑u↓d↑ − u↓u↑d↑
〉

|n ↑〉 =
1√
6

∣∣2d↑d↑u↓ − d↑d↓u↑ − d↓d↑u↑〉
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N. Isgur and G. Karl: P-wave baryons Phys. Rev. D18, 4187 (1978).

(In retrospect: For charge correlated spin (which is C-odd and flavor non-singlet),

and for r × q̄γq not q̄γγ5q)
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Domain of the 
Hadrons
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Carlitz-Kaur Model, based
on "canonical expectation"
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g/g results fromg/g results from
lepton-nucleon scatteringlepton-nucleon scattering

Value smallValue small
Possibly =0Possibly =0

 at least at x 0.1 at least at x 0.1

Compass

 high-pT

Open charm

Hermes

high-pT

      New
(not published)

Compass

low Q2, updated

AAC (2003) evolution analysis, for example
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NRQM Weak Decays EMC Relativistic Present State
& Δs = 0 Quark Model

< 1970 1973 1989 2008
ΔΣ 1 0.60 ± 0.05 0.28 ± 0.16 α 0.21 ± 0.06
Δu 4

3 0.92 ± 0.03 0.82 ± 0.05 4
3α 0.78 ± 0.03

Δd − 1
3 −0.32 ± 0.03 −0.44 ± 0.05 − 1

3α −0.47 ± 0.03
Δs 0 0 −0.10 ± 0.05 0 −0.09 ± 0.03
ΔG 0 ? 0 ≈ −0.084
ΔLq 0 +0.40? ΔLu = 4

3 (1 − α) ?
ΔLd = − 1

3 (1 − α)
ΔLg 0 ? ?

Pause — A spin audit
� In the infinite momentum frame (RLJ & Manohar, Hägler & Schafer, Ravindranath

& Kundu)
1

2
=

1

2
ΔΣ + ΔG + ΔLq + ΔLg

ΔΣ = Δu + Δd + Δs
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� Disconnected diagrams are omitted so orbital angular momentum
contributions of q̄q pairs is possible.

� This leaves us with total gluon angular momentum as culprit in spin audit!

26Wednesday, November 19, 2008



R. L. Jaffe   BunceFest BNL 2008

center for
theoretical
physicsCTP

27Wednesday, November 19, 2008



R. L. Jaffe   BunceFest BNL 2008

center for
theoretical
physicsCTP

28Wednesday, November 19, 2008



R. L. Jaffe   BunceFest BNL 2008

center for
theoretical
physicsCTP

29Wednesday, November 19, 2008


